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DESIGN STRATEGY

LB650 Cryomodule – Preliminary design review 



March 2021Commissariat à l’énergie atomique et aux énergies alternatives N. Bazin – LB650 MHz Cryomodule Overview – PDR-LB650-D1-05

Design Strategy
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Most of the PIP-II have the same design concept: the cavity string is supported by the strongback that stays at room
temperature . There one configuration for the single spoke cryomodules and an other one for the elliptical cryomodules.

LB650 cryomodule HB650 cryomodule

LB650 & HB650 Cryomodules:

 Same cavity design: β = 0.61 for LB cryomodule and β = 0.92 for LB cryomodule

 Same power coupler

 Similar frequency tuning system

 Similar configuration: 4 cavities for LB cryomodule, 6 cavities for HB cryomodule

 Smilar layout for the cryogenic circuits
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Design Strategy: Design Handbook
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 PIP-II Design Principles Coordination Working Group:

 To coordinate common engineering approach and design principals

 To share lessons learnt and best engineering and design practices

 One representative of FNAL, CEA, CNRS and STFC

 Lessons learnt

 From FNAL projects: LCLS-II (elliptical cavities), PIP-II SSR1 (spoke cavities) …

 From CEA projects: IFMIF (half-wave resonators), SARAF (half-wave resonators), ESS (elliptical cavities) …

 From CNRS projects: Spiral 2 (quater-wave resonators), ESS (spoke cavities) , MYRRHA (spoke cavities) …

 Release of the PIP-II Cryomodule Design Handbook (reference ED0011955) in December 2020
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Design Strategy: Design Handbook
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The PIP-II Cryomodule Design Handbook summarizes the best practices and lessons learned associated with cryomodules 
components design and specifications. This handbook is not intended to impose requirements but guidelines. 
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Design Strategy for the LB Cryomodule
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 Benefit from the design of the HB cryomodule (which benefits from the design and assembly of SSR1 as
presented during the HB Prototype Cryomodule Final Design Review) and later on the test of the HB
prototype cryomodule

 Benefit from the test of SSR1 (validation of the strongback concept)

 Maximum reuse of components from the HB cryomodule

Close collaboration between FNAL and CEA design team

 Involvement of CEA in the design of the strongback for the HB cryomodule

 Follow-up of the design of the HB cryomodule (regular video-meetings, presence to the reviews)

 Visit of CEA design team to FNAL in March 2020 (just before the lockdown!)

 Regular video-meetings on the design of the LB cryomodule

 Very good sharing of information between CEA and FNAL
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DESCRIPTION OF THE LB CRYOMODULE AND COMMON PARTS

LB650 Cryomodule – Preliminary design review 
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Layout of the elliptical cryomodules
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LB650 cryomodule HB650 cryomodule

Cryomodule stands

Interface with the 
cryomodule transport frame

G11 support post

Cavity support post

Strongback

Thermal shield + MLI

Vacuum vessel 
top port

C Clamp

Magnetic 
shield

Cryogenic side port
(bayonet and cryogenic valves)
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Layout of the LB650 Cryomodule
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G11 support post

Cavity support post

Strongback

Thermal shield + MLI

Vacuum vessel 
top port

Magnetic shield

Bayonets and 
cryogenic valves

Vacuum vessel 
end cap

Cold / warm 
transition

Beam line 
gate valve

Heat 
exchanger

Two phase 
helium pipe

Relief line

Viewport for 
HBCAM

Vacuum 
vessel

More details in the next presentations of session “Cryomodule Design” 
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Alignment: principle

11

 Each cavity is supported by two posts that are connected to the strongback

 Each cavity is attached to the two posts thanks to 4 C clamp assemblies

 The C clamp close to the power coupler fixes the position of the cavity and the three others allow motion in the
horizontal plane due to thermal shrinkage during cool down

 The alignment of the cavity string is done before the insertion of the cold mass inside the vacuum vessel

 The strongback stays at room temperature, so the position of each cavity is fixed and the displacement is controlled to
respect the alignment requirements

Motion of the cavity during cool down

More details in presentation PDR-LB650-D2-02 “Alignment and cavity posts” 
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Alignment: survey
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 Parler des HBCAM



March 2021Commissariat à l’énergie atomique et aux énergies alternatives N. Bazin – LB650 MHz Cryomodule Overview – PDR-LB650-D1-05

Cryogenics: principle
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 Cryogenics principle similar to the HB cryomodule

 Working temperature of the cavities: 2 K

 5 K line to cool down the cool mass but also used as thermal
intercept

 Thermal shield at 35 – 50 K and cooled with pressurized helium gas

 Maximum Allowable Working Pressure (MAWP):

 Cold mass: 4.1 bars

 Thermal shield: 20 bars

More details in presentation PDR-LB650-D2-03 “Cryogenic lines” 
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Common parts between LB and HB cryomodules

14

 Support assemblies of the cavities: G11 posts, cavity posts and C clamp assemblies

 Heat exchanger (supplied by FNAL)

 Cold – warm transition

 Bellows between cavities

 Thermal straps

 Instrumentation (sensors, cabling and flanges with feedthroughs supplied by FNAL)

 Bayonets (supplied by FNAL)

Mettre des images
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ASSEMBLY

LB650 Cryomodule – Preliminary design review 
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Assembly: principle
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More details in session “Cryomodule Assembly” 
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 1: cavity string assembly in clean room
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 2: preparation of the strongback

Strongback
Lower part of the 

warm magnetic shield

Lower part of the 
thermal shield

Cavity post
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 3: installation of the cavity string on the strongback, cold mass assembly
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 4: installation of top parts of the thermal shield (covered by MLI), except for the extension top port ad the side
port
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 5: insertion of the cold mass inside the vacuum vessel
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Assembly: principle
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More details in session “Cryomodule Assembly” 

 Step 6: completion of the cryogenic circuits and closing of the cryomodule
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INTERFACES

LB650 Cryomodule – Preliminary design review 
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Interface Management Process
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 Interface management process is documented in the PIP-II Interface Management Plan – ED0007942

“The Interface Management Plan provides a process to develop, control, identify, manage, verify, review, approve, release 
and revise technical interfaces for the PIP-II project.”

 All the interfaces are listed in the Master Interface Control Document (ICD) – ED0010433

 L3 to L3 interfaces

 L3 to Fermilab external interfaces (i.e. to other accelerators/infrastructure)

 Partner interfaces (Partner to Fermilab, Partner to Partner)

 Below L3 at the discretion of the L2 Design Authority

« External » interfaces = between the LB650 cryomodule and other systems of the accelerator

« Internal » interfaces = between the components
of the cryomodule procured by CEA and the ones
provided by partners

Most of the information presented on this slide are taken from «PIP-II Interface Management Process », Alex Martinez, presentation at the PIP-II Technical Workshop, December 2020
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Master Inteface Control Document (ICD)
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 Provides general information on all PIP-II interfaces

 Each individual interface includes the following:

 Unique Interface ID (using an ID matrix)

 Interface Name

 Different parties involved and their scope for the given interface: responsibles of systems A and B, but also the
integrator (3rd party responsible for installation or supplying info)

 Interface Documents (reference to Interface Specification Documents (ISDs), i.e documents providing details of
interface)

 Verification Information

 ICD managed by the Technical Integration Group (FNAL)

Information presented on this slide are taken from «PIP-II Interface Management Process », Alex Martinez, presentation at the PIP-II Technical Workshop, December 2020
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Master Inteface Control Document (ICD)
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 49 interfaces for the 650 MHz cryomodules

 The ones for the LB cryomodules only focus on the installation in the accelerator tunnel and operation
(« external »interfaces)

Future work: revise ICD with the PIP-II Technical Integration Group and L2 / L3 
managers and work on the Interface Specification Documents 
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L3 to L3 Interfaces
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 L3 to L3 interfaces (i.e. “external” interfaces, between the LB650 cryomodule and other systems of the accelerator –
warm sections, cryogenic distribution system, RF power, control system …) are defined by FNAL

 The design of the components of cryomodule is adapted accordingly by CEA

 Example 1: interface between the stand and the cryomodule

 Stand defined by FNAL (identical for all the spoke and elliptical 
cryomodules)

 Interface drawings issued by FNAL

 The bottom surface of the feet of the
vacuum vessel will be designed to fit the
stand
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L3 to L3 Interfaces
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 Example 2: interface between the cryomodule and the cryogenic distribution system

 Bayonets defined by FNAL

 Requests on positions from FNAL: 
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L3 to L3 Interfaces
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 For the LB cryomodule, the goal is to have the same interface, but it will depends on the detailed design of the 
cryogenic circuit. The values could be slightly different.

 Interface drawing provided by FNAL for the HB cryomodule: 

From the presentations of the «Cryomodule Bayonet Layout» session, PIP-II 
Cryogenic Integrated Workshop, February 2021
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L3 to L3 Interfaces
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 Some L3 to L3 interfaces are still under discussions, but not big impact on the design of the cryomodule

 Example: interface with the mover
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Partner Interfaces
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 LB650 cavity: configuration of the beam flange is under discussion

- Cones for the alignment process (T probe)

- Interface with the clean room tooling

Mettre des images


